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PATENTS 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
In re application of 
Jean-Pierre GRASA 
Serial No. (unknown) 
Filed herewith 

ELECTROCHEMICAL BIOSENSOR AND 
CHIP FOR SUCH A BIOSENSOR 

PRELIMINARY AMENDMENT 

Commissioner for Patents 

y= 

O Washington, D.C. 20231 

D 

D Sir: 

s 

fU Prior to calculation of the filing fee, please amend 

- {ft 

€1 the above- identified application as follows: 

ft? IN THE CLAIMS : 

W Amend claim 3 as follows: 

D 

--3. (amended) A biosensor as claimed in claim 1, 
wherein the second electrode (26) is adapted to be directly in 
contact with the drop (50) of liquid solution. -- 

Amend claim 4 as follows: 

--4. (amended) A biosensor as claimed in claim 1, 
wherein the second electrode is adapted to be electrically 
connected to the drop (50) of liquid solution by at least one 
electrically conductive intermediate element.-- 

Amend claim 5 as follows: 

--5. (amended) A biosensor as claimed in claim 1, 
wherein the retaining member (26, 70) is formed of the second 



Jean-Pierre GRASA 
electrode (26) directly in contact with the drop (50) of 
liquid solution. -- 

Amend claim 6 as follows: 

--6. (amended) A biosensor as claimed in claim 1, 
wherein the retaining member is a specific member (70) 
distinct from an electrode, and wherein the two electrodes 

(26, 7) are electrically connected to the reagent chamber 

(8) .-- 

Amend claim 7 as follows: 
U --7. (amended) A biosensor as claimed in claim 1, 

g 

O wherein the retaining member (2 6, 70) has a face (2 7, 71) 

s 

facing the contact face (25).-- 

Amend claim 8 as follows: 

--8. (amended) A biosensor as claimed in claim 1, 
wherein the assembly formed of the retaining member (26, 70) 

Q 

and of the contact face (2 5) has a face oriented upwards, 
termed receiving face (25, 65) , and wherein the receiving face 
(25, 65) has an angle of inclination with respect to the 
horizontal which is greater than 0° and less than 90° - in 
particular of the order of 40°.-- 

Amend claim 9 as follows: 

--9. (amended) A biosensor as claimed in claim 8, 
wherein the receiving face is the face (65) of the retaining 
member (26) 

Amend claim 11 as follows: 
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--11. (amended) A biosensor as claimed in claim 1, 
wherein the distance between the retaining member (26, 70) and 
the contact face (25) is less than 8 mm.-- 

Amend claim 12 as follows: 

--12. (amended) A biosensor as claimed in claim 1, 
in which the reagent chamber (8) is adapted to enclose a 
quantity of liquid reactive composition, and has a semi- 
permeable membrane (9) closing the reagent chamber (8) so as 
to retain therein the reactive composition, this semi-perme- 
able membrane (9) having a free outer face, forming the said 
contact face (25) , capable of being placed in contact with the 
liquid solution separated from the reactive composition by the 
semi -permeable membrane (9) , 
wherein it has two distinct parts: 

- a chip (6) comprising the first electrode (7) , the 
reagent chamber (8) enclosing the liquid reactive composition, 
and the semi -permeable membrane (9) , 

- a mount (2) comprising means (11, 12) for receiving a 
chip (6) , means (18, 37, 39) for electrical connection, with 
an external electrical circuit, of the first electrode (7) , of 
a chip (6) in place in the receiving means (11, 12) , this 
mount (2) carrying the second electrode (26) at a distance 
from the semi-permeable membrane (9) of a chip (6) in place in 
the receiving means (11, 12), and comprising means (38, 40) 
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for electrical connection of the second electrode (26) with 
the external electrical circuit. -- 

Amend claim 13 as follows: 

--13. (amended) A biosensor as claimed in claim 4, 
wherein the second electrode (26) comprises a free end (27) 
extending at a distance from and facing the said receiving 
face (25) of the semi -permeable membrane (9) of a chip (6) , 
and this free end (27) has an inclined face extending at least 
substantially parallel to the inclined receiving face (25).-- 

Amend claim 14 as follows: 

--14. (amended) A biosensor as claimed in claim 4, 
or as claimed in claim 13, wherein the second electrode (26) 
extends above the receiving face (25) and with a projection 
downwards with respect to a face (42) of the mount (2) 
oriented downwards, so that this second electrode (26) has at 
least one free face (43) extending downwards and oriented 
upstream with respect to the inclination of the receiving face 

(25) of the chip (6), and which biosensor comprises a liquid- 
solution supply shaft (35) emerging immediately upstream of 
and facing the free face (43) of the second electrode (26) , so 
that the liquid solution is supplied and deposited on this 
free face (43) to flow downwards along the second electrode 

(26) until it comes into the gap separating the second 
electrode (26) and the inclined receiving face (25) 

Amend claim 15 as follows: 
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--15. A biosensor as claimed in claim 12, wherein 
the means (11, 12) for receiving a chip comprise an inclined 
face (11) oriented upwards, and means (12) forming a stop for 
receiving a chip (6) in the bottom end position on the 
inclined face (11), wherein the means (18, 37, 39) for 
electrical connection have an electrical contact stud (18) 
emerging from the inclined face (11) and adapted to come into 
electrical connection with a lower conductive portion (17) of 
the chip (6) in place and in abutment on the inclined face 
G (11) , this conductive portion (17) being in electrical 

Q connection with the first electrode (7) , and wherein the mount 

(2) comprises a frame (15) carrying the second electrode (26) 
above, facing and at a distance from the said receiving face 
(25) of the semi -permeable membrane (9) of a chip (6) in place 
tf and in abutment on the inclined face (11) 

g 

J°f Amend claim 17 as follows: 

--17. (amended) A biosensor as claimed in claim 
12, wherein the mount (2) comprises an orifice (33) for 
recovery of the liquid solution, arranged so as to be able to 
recover the liquid solution running off the receiving face 
(25) and communicating with a lower end (3) of the mount . - - 
Amend claim 18 as follows: 

--18. (Amended) A biosensor as claimed in claim 
12, wherein it comprises means (3) for mounting the mount (2) 
on a receptacle for recovery of the liquid solution. -- 
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Amend claim 21 as follows: 

--21. (amended) A chip as claimed in claim 19, 
wherein the first electrode (7) forms a bottom (19) of the 
reagent chamber (8) which is closed, opposite this bottom 
(19), by the semi -permeable membrane (9).-- 

Amend claim 23 as follows: 

--23. (amended) A chip as claimed in claim 21, 
wherein it has a recessed groove (20) around the bottom (19) 
formed by the first electrode (7) , this groove (20) being 
adapted to receive a peripheral seal (21) blocking the semi- 
permeable membrane (9) around and above this bottom (19) 

Amend claim 24 as follows: 

--24. (amended) A chip as claimed in claim 19, 
wherein the first electrode (7) extends so as to have a 
portion (17) emerging outside the chip (6) in order to form 
means (17) for electrical connection with an external electri- 
cal circuit . - - 

Amend claim 25 as follows: 

--25. (Amended) A chip as claimed in claim 19, 
wherein it comprises a body (16) of electrically insulating 
synthetic material in the general shape of a small plate, and 
wherein the first electrode (7) traverses the thickness of 
this body (16) 

Amend claim 26 as follows: 
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--26. (amended) A chip as claimed in claim 19, 
wherein it is in the general shape of a disc.-- 
Amend claim 2 7 as follows: 

--27. (amended) A chip as claimed in claim 19, 
wherein it has a thickness of between 2 mm and 10 mm and a 
length dimension of between 5 mm and 50 mm.-- 

Amend claim 28 as follows: 

--28. (amended) A chip as claimed in claim 19, 
wherein the first electrode (7) has a mean radial dimension of 
between 1 mm and 10 mm - in particular of the order of 4 mm.-- 

Amend claim 29 as follows: 

--29. (amended) A chip as claimed in claim 19, 
wherein the reactive composition is an enzymatic aqueous 
solution . - - 
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REMARKS 

The above changes in the claims merely place this 
national phase application in the same condition as it was 
during the international phase, with the multiple dependencies 
being removed. 

Attached hereto is a marked-up version of the 
changes made to the claims by the current amendment. The 
attached page is captioned "VERSION WITH MARKINGS TO SHOW 
CHANGES MADE" . 

Respectfully submitted, 
YOUNG & THOMPSON 



By 



^Benoit Castel 
Attorney for Applicant 
Registration No. 35,041 
Customer No. 0 0466 
745 South 23 rd Street 
Arlington, VA 222 02 
Telephone: 703/521-2297 



December 10, 2 001 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 

The claims have been amended as follows: 

3 . A biosensor as claimed in one of the preceding — 
claims claim 1, wherein the second electrode (26) is adapted to 
be directly in contact with the drop (50) of liquid solution. 

4. A biosensor as claimed in one of claimsclaim 1 and 2, 
wherein the second electrode is adapted to be electrically 
connected to the drop (50) of liquid solution by at least one 
electrically conductive intermediate element. 

5. A biosensor as claimed in one of the preceding — 
claims claim 1, wherein the retaining member (26, 70) is formed 
of the second electrode (26) directly in contact with the drop 
(50) of liquid solution. 

6. A biosensor as claimed in one of claims claim 1 to 4 , 
wherein the retaining member is a specific member (70) 
distinct from an electrode, and wherein the two electrodes 
(26, 7) are electrically connected to the reagent chamber (8). 

7 . A biosensor as claimed in one of the preceding — 
claimsclaim 1, wherein the retaining member (26, 70) has a 
face (27, 71) facing the contact face (25) . 

8 . A biosensor as claimed in one o f th e pr eceding — 
claims claim 1 , wherein the assembly formed of the retaining 
member (26, 70) and of the contact face (25) has a face 
oriented upwards, termed receiving face (25, 65), and wherein 
the receiving face (25, 65) has an angle of inclination with 
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respect to the horizontal which is greater than 0° and less 
than 90° - in particular of the order of 40°. 

9. A biosensor as claimed i nclaims 7 a i icfa iaim 8, wherein 
the receiving face is the face (65) of the retaining member 
(26) . 

11. A biosensor as claimed in one of the preceding — 
claims claim 1 , wherein the distance between the retaining 
member (26, 70) and the contact face (25) is less than 8 mm. 

12 . A biosensor as claimed in one of the preceding — 

p claimsclaim 1, in which the reagent chamber (8) is adapted to 

p 

G enclose a quantity of liquid reactive composition, and has a 

*0 

fU semi -permeable membrane (9) closing the reagent chamber (8) so 

- 1 ?} 

J3 as to retain therein the reactive composition, this semi- 

H> permeable membrane (9) having a free outer face, forming the 

M= said contact face (25) , capable of being placed in contact 

O with the liquid solution separated from the reactive composi- 

tion by the semi -permeable membrane (9) , 
wherein it has two distinct parts: 

- a chip (6) comprising the first electrode (7) , the 
reagent chamber (8) enclosing the liquid reactive composition, 
and the semi -permeable membrane (9) , 

- a mount (2) comprising means (11, 12) for receiving a 
chip (6), means (18, 37, 39) for electrical connection, with 
an external electrical circuit, of the first electrode (7), of 
a chip (6) in place in the receiving means (11, 12) , this 



10 



Jean-Pierre GRASA 
mount (2) carrying the second electrode (26) at a distance 
from the semi -permeable membrane (9) of a chip (6) in place in 
the receiving means (11, 12), and comprising means (38, 40) 
for electrical connection of the second electrode (26) with 
the external electrical circuit. 

13. A biosensor as claimed i nclaims cl aim 4, — 8-; — 10 and 
±2r, — wherein the second electrode (26) comprises a free end 
(27) extending at a distance from and facing the said receiv- 
ing face (25) of the semi -permeable membrane (9) of a chip 

q (6) , and this free end (27) has an inclined face extending at 

O 

q least substantially parallel to the inclined receiving face 

5 

ft! (25) . 

"in 

yp 14 . A biosensor as claimed in claims claim 4, 1~, — 8-; — 1 0 and 

M, ±?r, — or as claimed in claim 13, wherein the second electrode 

fy 

M< (26) extends above the receiving face (25) and with a projec- 

ts 

O tion downwards with respect to a face (42) of the mount (2) 

'¥> 

oriented downwards, so that this second electrode (26) has at 
least one free face (4 3) extending downwards and oriented 
upstream with respect to the inclination of the receiving face 
(25) of the chip (6) , and which biosensor comprises a liquid- 
solution supply shaft (35) emerging immediately upstream of 
and facing the free face (43) of the second electrode (26), so 
that the liquid solution is supplied and deposited on this 
free face (43) to flow downwards along the second electrode 
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(26) until it comes into the gap separating the second 
electrode (26) and the inclined receiving face (25) . 

15 . A biosensor as claimed in one of claims claim 12— to 
±4r, wherein the means (11, 12) for receiving a chip comprise 
an inclined face (11) oriented upwards, and means (12) forming 
a stop for receiving a chip (6) in the bottom end position on 
the inclined face (11), wherein the means (18, 37, 39) for 
electrical connection have an electrical contact stud (18) 
emerging from the inclined face (11) and adapted to come into 
Q electrical connection with a lower conductive portion (17) of 

£3 the chip (6) in place and in abutment on the inclined face 

yy 

fU (11) , this conductive portion (17) being in electrical 

•yS connection with the first electrode (7) , and wherein the mount 

r* (2) comprises a frame (15) carrying the second electrode (26) 

fU 

H= above, facing and at a distance from the said receiving face 

;H 

P (25) of the semi-permeable membrane (9) of a chip (6) in place 

jet 

and in abutment on the inclined face (11) . 

17. A biosensor as claimed in one of — claims claim 12 to 
±-6-, wherein the mount (2) comprises an orifice (33) for 
recovery of the liguid solution, arranged so as to be able to 
recover the liguid solution running off the receiving face 
(25) and communicating with a lower end (3) of the mount. 

18 . A biosensor as claimed in one of claims claim 12 to 
±7-, wherein it comprises means (3) for mounting the mount (2) 
on a receptacle for recovery of the liquid solution. 



12 



Jean-Pierre GRASA 
21. A chip as claimed in one o£ claim s claim 19 and 2 0 , 
wherein the first electrode (7) forms a bottom (19) of the 
reagent chamber (8) which is closed, opposite this bottom 
(19) , by the semi -permeable membrane (9) . 

23. A chip as claimed in claims claim 2 1 and 2 2 , wherein 
it has a recessed groove (20) around the bottom (19) formed by 
the first electrode (7), this groove (20) being adapted to 
receive a peripheral seal (21) blocking the semi -permeable 
membrane (9) around and above this bottom (19) . 

24. A chip as claimed in one of claims -claim 19 to 23 , 
wherein the first electrode (7) extends so as to have a 
portion (17) emerging outside the chip (6) in order to form 
means (17) for electrical connection with an external electri- 
cal circuit. 

25. A chip as claimed in one of claims claim 19 to 24 , 
wherein it comprises a body (16) of electrically insulating 
synthetic material in the general shape of a small plate, and 
wherein the first electrode (7) traverses the thickness of 
this body (16) . 

26. A chip as claimed in one of claims cl_ aim 19 to 25 
wherein it is in the general shape of a disc. 

27. A chip as claimed in one u£ claims claim 19 to 26 , 
wherein it has a thickness of between 2 mm and 10 mm and a 
length dimension of between 5 mm and 5 0 mm. 
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28. A chip as claimed in o ne of c l aims claim 19 to 27 , 
wherein the first electrode (7) has a mean radial dimension of 
between 1 mm and 10 mm - in particular of the order of 4 mm. 

29. A chip as claimed in one of c l aims claim 19 to 28 , 
wherein the reactive composition is an enzymatic aqueous 
solution. 
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ABSTRACT OF THE DISCLOSURE 

An electrochemical biosensor includes a first 
electrode (7) located in a chip (6) . The chip (6) can be 
inserted in a mount (2) having: a second electrode (27) 
opposite the first electrode (7) and elements (11, 12) for 
receiving and retaining the chip (6) . On the first elec- 
trode is deposited a reactive liquid solution maintained 
and protected by a semi -permeable membrane (9) which is 
attached to the first electrode (7) by an O-ring seal (21) . 
In measuring mode the chip (6) containing the reactive 
liquid solution is inserted in the mount (2) and a drop of 
sample is deposited on the semi-permeable membrane (9) . By 
capillary action, the liquid sample electrically contacts 
the two electrodes (7, 27) thereby enabling an electrochem- 
ical measurement. 
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ELECTROCHEMICAL BIOSENSOR AND CHIP FOR SUCH A 
BIOSENSOR 

The invention relates to an electrochemical biosensor 
5 for measurement of the concentration of a compound in a 
sample dose of a liquid solution. 

The principle and benefits of biosensors have long 
been known (cf . for example "BIOCAPTEURS : REVE OU REALITE 
INDUSTRIELLE? " [BIOSENSORS: DREAM OR INDUSTRIAL REALITY?"], 
10 Maurice Comtat and Alain Bergel, BIOFUTUR 171, October 
1997, p. 33) . Nevertheless, their practical applications 
remain limited in view of the difficulty of implementing 
them. 

In particular, there is a problem with the dosing, the 
15 putting into place and renewal of the specific reactive 
biochemical composition (in particular formed by an enzyme 
such as glucose oxidase) of the compound whose 
concentration is to be measured. 

In the known apparatuses such as those marketed by 
2 0 INCELTECH FRANCE (Toulouse, France) under the name 

MICROZYM-L ®, the biosensor comprises a column, the core of 
which forms a first electrode emerging, outside the column, 
in a hollow reactant chamber into which a quantity of 
enzymatic reactive solution is poured by the technician. 
25 The chamber is then closed by a semi -permeable membrane 
covering the end of the column and maintained by an O-ring 
seal . 

A second electrode surrounds the column at a distance 
from the O-ring seal. The liquid composition is poured onto 
30 the membrane, the end of the column being placed upwards. 
The electrical contact is established between the two 
electrodes by the reactive solution and the sample liquid 
solution which flows between the membrane and the second 
electrode . 

35 These apparatuses require a large volume of liquid 

solution to be assayed. Some known devices or apparatuses 
have a reaction cell comprising a well or trough for 
receiving a dose of liquid solution. In this case, the 
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wells must be changed at each assay, which is costly and 
involves time-consuming manipulations. 

In addition, in these apparatuses, the changing of the 
reactive composition is time-consuming (more than 10 
5 minutes of manipulations) and awkward. Moreover, the 

relatively precise manipulations required are possible in 
the laboratory but cannot be contemplated in an environment 
outside laboratories (in industry, agriculture ...). 
Equally, these apparatuses do not enable the 

10 measurement of the concentration of different compounds, 
unless they are equipped with a plurality of biosensors, 
one for each compound to be measured. But in all these 
cases, the use of a biosensor for each compound is time- 
consuming and awkward. 

15 Another consequence of this difficulty of putting into 

place is the fact that the quality of the manipulation can 
influence the reproducibility and the reliability of the 
measurements carried out . 

One of the solutions envisaged for overcoming these 

20 problems consists in immobilising the enzymatic reactive 
composition on an electrode or on the semi -permeable 
membrane. Nevertheless, the immobilisation techniques are 
very difficult to implement. Among these, there may be 
mentioned: adsorption of the enzyme on a support of the 

25 colladion, collagen, cellulose, carbon, silica gel type, 
etc.; inclusion of the enzyme in a gel or carbon-containing 
paste or carbon- containing ink; fixation by covalent 
bonding of the enzyme to a previously activated support. 

All these solutions envisaged prove to be complex and 

3 0 costly in terms of fabrication and use. 

Furthermore, it should be noted that the considerable 
cost of the reactive compositions (customarily of the order 
of (80 FF for a dose of 4ul of glucose oxidase) makes it 
necessary to be able to keep the same reactive composition 

35 as long as it is not degraded. However, the reactive 

biochemical compositions, especially enzymatic ones, are 
relatively fragile and unstable. 
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The object of the invention is therefore to overcome 
all of these disadvantages by proposing an electrochemical 
biosensor in which the measurement can be done with a small 
volume of liquid solvent, in particular a single drop, and 
5 the use of which is simple, rapid and inexpensive. 

The object of the invention is in particular to 
propose a biosensor without a reaction cell in the form of 
a well or trough for receiving the liquid solution. The 
object of the invention is also to propose a biosensor 
10 enabling successive measurements to be carried out rapidly, 
at lower cost, by minimising the downtimes between two 
measurements and the unit costs of each measurement. 

Furthermore, the object of the invention is to propose 
a biosensor in which the putting into place of the reactive 
15 composition is extremely simple and rapid. 

The object of the invention is also to propose a 
biosensor enabling a rapid change of reactive composition, 
for example for the measurement of the concentration of 
different components successively. 

2 0 The object of the invention is also to propose a 

biosensor providing reliable results, including in 
environments outside laboratories (in industry, 
agriculture . . . ) . 

The object of the invention is moreover to propose 
25 such a biosensor which is of reduced cost both in terms of 
fabrication and use. 

The object of the invention is thus to propose a 
biosensor making it possible to satisfy numerous 
applications in which the known apparatuses cannot be 

3 0 exploited because of the nature or the number of the 

compounds whose concentration can be measured, and/or the 
lack of reliability of the results and/or the problems of 
use and implementation and/or an excessive cost of these 
known apparatuses . 
35 To do this, the invention relates to an 

electrochemical biosensor for measurement of the 
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concentration of a compound in a liquid solution, 
comprising: 

- a reagent chamber adapted to enclose a quantity of 
biochemical composition, termed reactive composition, and 

5 having a free outer face, termed contact face, capable of 
being placed in contact with the liquid solution which is 
thus itself in contact with the reactive composition, 

- a first electrode and a second electrode which are 
adapted to be electrically connected to the liquid solution 

10 and to enable electrical measurement between them, 

wherein it comprises, facing the contact face, a retaining 
member, the shape of this retaining member and the distance 
between the contact face and the retaining member being 
adapted so that a drop of liquid solution placed between 

15 the contact face and this retaining member is retained and 
maintained between them by capillary action. Since the 
liquid solution to be analysed is formed of a drop retained 
by capillary action, it is possible to perform assays on 
solutions available in low volume, a saving on the quantity 

20 of liquid solution necessary for the measurement is made, 
and the manipulations for putting into place and cleaning 
are extremely simple and rapid. For example, the cleaning 
can be simply performed manually with the aid of an 
absorbent or compressed air. 

25 Advantageously and according to the invention, the 

biosensor is characterized in that the first electrode is 
electrically connected to the reagent chamber, opposite the 
contact face, and in that the second electrode is adapted 
to be electrically connected with the drop of liquid 

3 0 solution on the side of the contact face. The second 

electrode can be adapted to be directly in contact with the 
drop of liquid solution, or, in contrast, to be 
electrically connected to the drop of liquid solution by at 
least one electrically conductive intermediate element (in 

35 particular a film or channel of conductive liquid 
composition and/or the reagent chamber itself) . 
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In a variant according to the invention, the retaining 
member is formed of the second electrode directly in 
contact with the drop of liquid solution, which is in this 
case interposed between this second electrode and the 
5 contact face of the reagent chamber. 

In another variant of the invention, the biosensor is 
characterized in that the retaining member is a specific 
member distinct from an electrode, and in that the two 
electrodes are electrically connected (directly or 
10 indirectly) to the reagent chamber. 

In this way, an electrical connection remains 
permanently established between the two electrodes via the 
reagent chamber, thereby avoiding any charge accumulation 
phenomena (capacitive effects between electrodes) , and thus 
15 the occurrence of a discharge peak when putting into place 
a liquid solution to be analysed, adversely affecting the 
interpretation of the signal. 

Be that as it may, advantageously and according to the 
invention, the retaining member has a face facing the 

2 0 contact face. Thus, the drop is retained between two faces. 

In a variant, it is possible to provide for the retaining 
member to be in the shape of a point facing the contact 
face . 

Furthermore, advantageously and according to the 
25 invention, the assembly formed of the retaining member and 
of the contact face has a face oriented upwards, termed 
receiving face, for the drop of liquid solution. It should 
be noted nevertheless that since the drop is retained by 
capillary action, it is also possible to envisage in a 

3 0 variant that the faces or elements {retaining member and 

contact face) between which it is placed assume any 
position with respect to the vertical, and in particular 
horizontally face the other. 

Advantageously and according to the invention, the 
3 5 said receiving face has an angle of inclination with 

respect to the horizontal which is greater than 0° and less 
than 90° - in particular of the order of 4 0°. This 
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inclination is adapted to enable the run-off, owing to 
gravity, of the excess liquid solution or the drop expelled 
after the measurement . 

In a first variant, the receiving face is the face of 
5 the retaining member. In another preferred variant, the 
receiving face is the contact face of the reactant chamber. 

Advantageously and according to the invention, the 
distance between the retaining member and the contact face 
is less than 8 mm. Be that as it may, it is known how to 

10 determine the distance between two members enabling the 
insertion and the maintenance by capillary action between 
them of a drop of solution to be analysed. This distance is 
associated in particular with the relative values of the 
surface tensions of the members (retaining member and 

15 contact face) and of the liquid solution. 

Furthermore, the invention also relates to an 
electrochemical biosensor for measurement of the 
concentration of a compound in a dose of a liquid solution, 
this biosensor comprising: 

2 0 - a first electrode, 

- a reagent chamber adapted to enclose a quantity of 
liquid biochemical composition, termed reactive 
composition, and to place it in contact with the first 
electrode, and having a semi -permeable membrane closing the 

25 reagent chamber so as to retain therein the reactive 
composition, this semi -permeable membrane having a free 
outer face, forming the said receiving face, capable of 
being placed in contact with the liquid solution separated 
from the reactive solution by the semi-permeable membrane, 

30 " a second electrode arranged at a distance from the 

semi -permeable membrane so as to come into contact with the 
liquid solution placed against the semi -permeable membrane, 
wherein it has two distinct parts: 

- a chip comprising the first electrode, the reagent 
35 chamber enclosing the reactive composition, and the semi- 
permeable membrane, 



- a mount comprising means for receiving a chip, means 
for electrical connection, with an external electrical 
circuit, of the first electrode of a chip in place in the 
receiving means, this mount carrying the second electrode 
5 at a distance from the semi -permeable membrane of a chip in 
place in the receiving means, and comprising means for 
electrical connection of the second electrode with the 
external electrical circuit. 

Since the reactant chamber pre-dosed with reactive 
10 composition and incorporating the first electrode is 

produced in advance and formed of a part distinct from the 
mount, which part is denoted throughout the text in a 
general way by the term "chip", the manipulations and use 
of the biosensor are greatly facilitated and rapid. The 
15 change of reactive composition is virtually instantaneous. 
Advantageously and according to the invention, the 
receiving face of a chip in place in the receiving means is 
oriented upwards and has a non-zero angle of inclination 
with respect to the horizontal. This inclination is adapted 

2 0 to enable the run-off, owing to gravity, of the excess 

liquid solution downwards, without coming directly into 
contact with the first electrode or its means of electrical 
connection arranged below the chip. Advantageously and 
according to the invention, the said angle of inclination 
25 is between 0° and 90° - in particular of the order of 40°. 
This inclination can be obtained by an inclination of a 
face of the mount receiving the chip and/or by a specific 
shape given to the chip (for example the shape of a wedge) . 
Advantageously and according to the invention, the 

3 0 second electrode comprises a free end extending at a 

distance from and facing the said receiving face of the 
semi -permeable membrane of a chip, and this free end has an 
inclined face extending at least substantially parallel to 
the inclined receiving face. Advantageously and according 
3 5 to the invention, the second electrode has a free end 

extending at a distance from the said receiving face of the 
semi -permeable membrane of the chip, which is adapted to 
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retain the drop of liquid solution by capillary action - in 
particular less than 8 mm. 

In addition, advantageously and according to the 
invention, the biosensor is characterized in that the 
5 second electrode extends above the receiving face and with 
a projection downwards with respect to a face of the mount 
oriented downwards, so that this second electrode has at 
least one free face extending downwards and oriented 
upstream with respect to the inclination of the receiving 

10 face of the chip, and in that it comprises a liquid- 
solution supply shaft emerging immediately upstream of and 
facing the free face of the second electrode, so that the 
liquid solution is supplied and deposited on this free face 
to flow downwards along the second electrode until it comes 

15 into the gap separating the second electrode and the 
inclined receiving face. 

Advantageously and according to the invention, the 
biosensor is also characterized in that the means for 
receiving a chip comprise an inclined face oriented upwards 

2 0 (so as to support a chip placed on this inclined face) , and 

means forming a stop for receiving a chip in the bottom end 
position on the inclined face, in that the means for 
electrical connection have an electrical contact stud 
emerging from the inclined face and adapted to come into 
25 electrical connection with a lower conductive portion of 
the chip in place and in abutment on the inclined face, 
this conductive portion itself being in electrical 
connection with the first electrode, and in that the mount 
comprises a frame carrying the second electrode above, 

3 0 facing and at a distance from the said receiving face of 

the semi -permeable membrane of a chip in place and in 
abutment on the inclined face. Advantageously and according 
to the invention, the biosensor comprises means for 
pressing the chip against the inclined face. Advantageously 
35 and according to the invention, the mount comprises an 

orifice for recovery of the liquid solution, arranged so as 
to be able to recover the liquid solution running off the 



receiving face - in particular made in the lower part of 
the inclined face - after the measurement and communicating 
with a lower end of the mount . Advantageously and according 
to the invention, the biosensor comprises means for 
5 mounting the mount on a receptacle for recovery of the 
liquid solution. 

The object of the invention is also to propose a chip 
for a biosensor according to the invention. To this end, 
the object of the invention is to propose a package, which 
10 is reliable, of low cost and easy to manipulate, for a dose 
of reactive liquid biochemical composition - in particular 
an enzymatic solution - intended for a biosensor. 

To do this, the invention extends to an 
electrochemical biosensor chip for measurement of the 
15 concentration of a compound in a liquid solution, wherein 
it comprises: 

- a reagent chamber enclosing a quantity of liquid 
biochemical composition, termed reactive composition, and 
having a semi -permeable membrane closing the reagent 
20 chamber so as to retain therein the reactive composition, 
this semi -permeable membrane having a free outer face, 
termed receiving face, capable of receiving a drop of 
liquid solution separated from the reactive composition by 
the semi -permeable membrane, 
25 - an electrode, termed first electrode, placed in 

electrical contact with the reactive composition contained 
in the reagent chamber, and means for electrical connection 
of this first electrode with an electrical circuit outside 
the chip. 

3 0 The invention also relates to a chip adapted to be 

used with a biosensor according to the invention. The chip 
according to the invention is simultaneously a consumable 
package of reactive composition and a support for the first 
electrode, which can equally well be an anode or a cathode, 

35 the second electrode then being a cathode or, respectively, 
an anode. 
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Advantageously and according to the invention, the 
first electrode has an end emerging in the reagent chamber 
opposite a portion of the semi -permeable membrane forming 
the said receiving face. Advantageously and according to 
5 the invention, the first electrode forms a bottom of the 
reagent chamber which is closed, opposite this bottom, by 
the semi -permeable membrane. Advantageously and according 
to the invention, the reagent chamber is delimited by the 
bottom formed by the first electrode and by the semi- 

10 permeable membrane extending from the bottom and above the 
bottom. Advantageously and according to the invention, the 
chip has a recessed groove around the bottom formed by the 
first electrode, this groove being adapted to receive a 
peripheral seal blocking the semi -permeable membrane around 

15 and above this bottom. Advantageously and according to the 
invention, the first electrode extends so as to have a 
portion emerging outside the chip in order to form means 
for electrical connection with an external electrical 
circuit. Advantageously and according to the invention, the 

2 0 chip comprises a body of electrically insulating synthetic 
material in the general shape of a small plate, and the 
first electrode traverses the thickness of this body. In a 
variant, the first electrode can be connected to a 
conducting wire itself emerging outside the chip and 

25 adapted to be able to be connected to an external 
electrical circuit. 

Advantageously and according to the invention, the 
chip is in the general shape of a disc. A chip according to 
the invention advantageously has a thickness of between 

30 2 mm and 10 mm - in particular of the order of 4 mm - and a 
length dimension (or diameter) of between 5 mm and 
5 0 mm - in particular of the order of 2 0 mm. Advantageously 
and according to the invention, the first electrode has a 
mean radial dimension of between 1 mm and 10 mm - in 

35 particular of the order of 4 mm. 

More particularly and advantageously, in a biosensor 
and a chip according to the invention, the reactive 
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composition is an enzymatic aqueous solution, and the 
electrodes are of the amperometric detection type (anode 
and cathode) . When the reactive composition is an enzymatic 
solution incorporating a dehydrogenase enzyme with a couple 
5 associated with the Fe ++ /Fe +++ couple, the first electrode is 
an anode. Nevertheless, the invention also extends to any 
other reactive biochemical composition, liquid or non- 
liquid, compatible with a biosensor of the electrochemical 
type having two electrodes . 

10 The invention also relates to a biosensor and a chip 

characterized in combination by all or part of the features 
mentioned hereinabove or hereinbelow. 

The invention enables easy manipulation of the liquid 
solution to be assayed and of the package (chip) of the 

15 reactive composition and greatly facilitates the use and 
renewal of the doses of liquid solution to be assayed and 
of reactive composition, which are instantaneous 
operations. Moreover, the reactive composition is protected 
from the outside environment and can be preserved, stored 

20 and re-used according to the compound whose concentration 
is being measured. The invention can also be implemented 
and used in any environments whatsoever, without special 
precautions (industry, agriculture, sports ground or 
outdoors . . . ) , in a simple way and makes it possible to 

25 obtain reliable results. In addition, it is very simple and 
inexpensive to fabricate. 

Other objects, features and advantages of the 
invention will become apparent on reading the following 
description which refers to the appended figures in which: 

3 0 - Figure 1 is a schematic perspective view of a 

biosensor according to a first preferred embodiment of the 
invention, 

- Figure 2 is a schematic view, in section on a median 
axial vertical plane, of the biosensor of Figure 1, 
3 5 - Figure 3 is a schematic view, from the left, of the 

biosensor of Figure 2 , 
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- Figure 4 is a schematic view in section on the line 
IV- IV of Figure 2, 

- Figure 5 is a schematic perspective view of a chip 
according to a first embodiment of the invention, 

5 - Figures 6a, 6b, 6c illustrate schematically, in 

section on a median axial vertical plane, three successive 
stages of the fabrication of the chip of Figure 5, 

- Figure 7 is a schematic view, in section on a median 
axial vertical plane, of a chip according to a second 

10 embodiment of the invention, 

- Figure 8 is a schematic view, in exploded section on 
a median axial vertical plane, illustrating the constituent 
elements of a chip according to the second embodiment of 
the invention, 

15 - Figures 9, 10 and 11 are partial diagrams, in 

section on a median axial vertical plane, illustrating 
three other embodiments of a biosensor according to the 
invention. 

The electrochemical biosensor 1 according to the 

2 0 invention shown in Figures 1 to 4 comprises a mount 2 made 
of electrically insulating synthetic material with the 
general shape overall of a cylindrical solid of revolution 
of vertical axis, intended to be mounted by its lower 
tapped end 3 on an upper threaded end 4 of a receptacle 

25 such as a bottle intended to collect sample doses of liquid 
solution after analysis in the biosensor 1. 

The biosensor 1 comprises an analysis zone 5 into 
which the doses of liquid solution to be analysed can be 
introduced. The analysis zone 5 incorporates the various 

30 devices enabling the measurements of the concentration in 
the liquid solution to performed and defines a compartment 
for receiving a chip 6 formed of a part distinct from the 
mount 2, and removable from the mount 2. 

This chip 6 comprises a first electrode 7, a reagent 

35 chamber 8 enclosing a predetermined quantity of liquid 

biochemical composition, termed reactive composition, such 
as an enzymatic solution, this reagent chamber 8 being 
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closed by a semi -permeable membrane 9 so that the reactive 
composition is retained within the reagent chamber 8 and 
remains in contact with the first electrode 7. 

The compartment for receiving the chip 6 comprises a 
5 lateral introduction slot 10 made in the mount 2, an 
inclined face 11 oriented upwards and extending from the 
slot 10 radially downwards at a non-zero angle of 
inclination greater than 0° and less than or equal to 90° - 
in particular of the order of 40° - with respect to the 

10 horizontal and, opposite the introduction slot 10, means 12 
forming a stop for receiving the chip 6 in the bottom end 
position on the inclined face 11. In the embodiment shown, 
these means 12 forming a stop consist of two lateral 
uprights 13 extending the inclined face 11 upwards on each 

15 side and forming, with an upper end head 14 of the mount 2, 
a frame 15 which covers the inclined face 11 closing the 
compartment for receiving the chip 6 and the analysis zone 
5. As can be seen in Figure 4, the two lateral uprights 13 
have a shape adapted to receive between them a chip 6 

20 placed on the inclined face 11 while blocking it in 

abutment in the lower end position on the inclined face 11. 

The chip 6 comprises a body 16 made of electrically 
insulating synthetic material, in the general shape of a 
small plate and of a section of a cylindrical solid of 

2 5 revolut ion of low thickness, that is to say in the general 

shape of a disc. This body 16 is traversed in its thickness 
axially by the first electrode 7 which is formed of an 
electrically conductive but electrolytically resistant 
material. The lower end 17 of the first electrode 7 emerges 

3 0 outside the lower face of the body 16 of the chip 6, and 

extends with a slight projection with respect to this lower 
face, so as to come into electrical contact with an 
electrical contact stud 18 emerging from the inclined face 
11, when the chip 6 is in place, in abutment 12 against the 
35 lateral uprights 13 on the inclined face 11. The upper end 
19 of the first electrode 7 forms the bottom of the reagent 
chamber 8 of the chip 6. The reactive composition contained 
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in this reagent chamber 8 is thus in contact with the first 
electrode 7. The semi -permeable membrane 9 retains the 
reactive composition above the upper end 19 of the first 
electrode 7, which it covers. In these figures, the 
5 relative scales in terms of thickness are not adhered to, 
for the purposes of illustration. Thus, the reagent chamber 
8 is shown much thicker with respect to the thickness of 
the body 16 than it is in reality. 

A first embodiment of a chip 6 according to the 

10 invention is shown in Figures 2, 3, 4, 5, 6a to 6c. In this 
first embodiment, a groove 2 0 is recessed in the body 16 
all around the bottom 19 formed by the first electrode 7, 
so that this peripheral groove 2 0 is able to receive a 
peripheral seal 21 blocking the semi -permeable membrane 9 

15 around and above the bottom 19. In this first embodiment, 
the reagent chamber 8 is thus entirely delimited on the one 
hand by the upper end of the first electrode 7 forming the 
bottom 19, and on the other hand by the semi -permeable 
membrane 9 which retains the reactive composition against 

2 0 this bottom 19 and forms a pocket containing it, being 

blocked by the peripheral seal 21 placed in the groove 20. 

As can be seen in Figures 6a to 6c, to fabricate such 
a chip 6, starting with the body 16 in which the first 
electrode 7 has been engaged, a predetermined quantity in 
25 the form of a drop of a reactive composition 22 is 

deposited (Figure 6b) on the upper end 19 of the first 
electrode 7, then the semi -permeable membrane 9 is placed 
on top of this drop 22, blocking it with respect to the 
first electrode 7 by virtue of the seal 21 engaged in the 

3 0 groove 2 0 (Figure 6c) . 

Figures 7 and 8 show a second embodiment of the chip 
6. In this embodiment, the upper face 41 of the body 16 of 
the chip 6 is plane and flush with the upper end 19 of the 
first electrode 17. A double-faced adhesive sheet 23, 
35 pierced at its centre with a circular perforation 24 with a 
diameter less than or equal to that of the upper end 19 of 
the first electrode 7, is bonded to the body 16. The 
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perforation 24 is arranged above the upper end 19 of the 
first electrode 7 and is centred on this upper end 19. The 
semi -permeable membrane 9 is in the form of a sheet, itself 
bonded on top of the double-faced adhesive sheet 23, so 
5 that the semi -permeable membrane 9 closes the perforation 
24 which thus defines the volume of the reagent chamber 8 
in which the reactive composition is placed. To fabricate 
this chip, an adhesive sheet 23 is bonded on top of the 
semi -permeable membrane 9, then a drop 22 of reactive 

10 composition is deposited in the perforation 24, then the 
body 16 equipped with the first electrode 7 is presented, 
inverted with the end 19 and the face 41 oriented 
downwards, to be bonded to the adhesive sheet 23, thereby 
closing the perforation 24. Subsequently, all that is 

15 required is to invert the assembly thus formed to obtain 
the chip 6 of Figure 7. In place of a self-adhesive sheet 
23, it is also possible to use a sheet of synthetic 
material of predetermined thickness bonded to the semi- 
permeable membrane 9 and to the body 16 by a suitable 

20 adhesive, for example of the cyanocrylate type. 

In the two embodiments shown, the chip 6 has an at 
least substantially plane, free outer face, termed 
receiving face 25, extending overall parallel to the bottom 
19 formed by the upper end of the first electrode 7, and to 

2 5 the body 16, and this receiving face 25 is adapted to 

receive a drop 50 of liquid solution to be analysed, this 
drop of liquid solution being separated from the reactive 
composition enclosed in the reagent chamber 8 by the semi- 
permeable membrane 9. The receiving face 25 is thus also a 

3 0 contact face, that is to say it comes into contact with the 

liquid solution to be analysed. Nevertheless, ionic and 
electronic exchanges through the semi -permeable membrane 9 
are possible, so that an oxidoreduction reaction occurs, 
depending on the concentration of the compound 
3 5 corresponding to the enzymatic biochemical agent contained 
in the reagent composition. 
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The frame 15 of the biosensor also carries a second 
electrode 26 arranged at a distance from the semi -permeable 
membrane 9 so as to come into contact with the drop of 
liquid solution which is placed on the receiving face 25 of 
5 the semi -permeable membrane 9, as shown in Figure 2. The 
second electrode 26 is arranged above, facing and at a 
distance from the receiving face 25 of a chip 6 in place on 
the inclined face 11, and this second electrode 26 has a 
lower free end 27 comprising an inclined plane face 

10 extending at least substantially parallel to the receiving 
face 25 which is itself inclined at least substantially 
parallel to the inclined face 11, that is to say at an 
angle of between 0° and 90°, preferably between 10° and 
75° - in particular of the order of 40° - with respect to 

15 the horizontal. The distance provided between the lower 
free end 27 of the second electrode 2 6 and the receiving 
face 2 5 of the semi -permeable membrane 9 of the chip 6 is 
adapted so that a drop 50 of liquid solution to be analysed 
is retained by capillary action in the space provided 

20 between this free end 27 and this receiving face 25. This 
distance thus depends in particular on the diameter of the 
second electrode 26 and of the receiving face 25 which is 
preferably between 1 mm and 10 mm - in particular of the 
order of 4 mm - , on the surface tensions of the receiving 

25 face 25 and of the free face 27 of the second electrode 26, 
on the viscosity (hence the surface tension) of the liquid 
solution to be analysed, and on the inclination of the 
receiving face 25. In practice, advantageously and 
according to the invention, this distance is less than 8 mm 

3 0 and greater than 1 mm. 

A chip 6 according to the invention typically has a 
thickness of between 2 mm and 10 mm - in particular of the 
order of 4 mm - , the thickness of the reagent chamber 8 
being less than 1 mm, of the order of a few microns to a 

3 5 few tens of millimetres. The chip 6 advantageously has a 
length dimension (greatest dimension perpendicularly to the 
thickness, that is to say radial dimension, or diameter if 
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it is in the shape of a disc) of between 5 mm and 
5 0 mm - in particular of the order of 2 0 mm. The free end 
face 27 of the second electrode 26 and the receiving face 
25 have a mean dimension parallel to the plane of the 
5 receiving face 25 (in particular a diameter in the 

embodiments in which these faces are circular) of between 
1 mm and 10 mm - in particular of the order of 5 mm. The 
electrodes 7, 26 have a mean radial dimension (diameter if 
they are cylindrical solids of revolution) of between 1 mm 

10 and 10 mm - in particular of the order of 4 mm. 

The first electrode 7 is preferably in the shape of a 
cylindrical solid of revolution, the receiving face 25 
being in the general shape of a disc. Similarly, the second 
electrode 26 is preferably in the shape of a cylindrical 

15 solid of revolution. Nevertheless, there is nothing to 
prevent, in variants not shown, other forms of embodiment 
(for example prismatic electrodes 7, 26 and polygonal 
receiving face 25 ...) being provided. Similarly, the body 
16 of the chip 6 may not be cylindrical, but prismatic, or 

2 0 even in the shape of a wedge (with two bases not parallel 

to each other) so as to form or participate in the 
inclination of the receiving face 25 with respect to the 
horizontal (the inclined face 11 being less inclined or 
even not inclined) . 
25 Furthermore, the biosensor 1 comprises a metal clamp 

28 comprising two vertical limbs 29 engaged in 
corresponding vertical bores made through the head 14 of 
the frame 15 so that the lower ends 3 0 of these limbs 2 9 
come to bear against the body 16 of a chip 6 in place on 

3 0 the inclined face 11. The clamp 2 8 thus presses, owing to 

the effect of its weight, the chip 6 against the inclined 
face 11, and the first electrode 7 into electrical contact 
with the stud 18. The clamp 28 comprises an upper 
crosspiece 31 connecting the two vertical limbs 2 9 and 
35 equipped with a vertical manipulating extension 32 enabling 
the user to raise the clamp 28 in order to free the chip 6. 
In a variant not shown, the clamp 2 8 can also be returned 



18 



into contact with the chip 6 by spring return means . The 
lower free ends 3 0 of the limbs 2 9 of the clamp 28 are 
preferably bevelled so as to extend parallel to the 
inclined plane 11 and the body 16. 
5 The biosensor 1 further comprises an orifice 33 for 

recovery of the liquid solution after analysis, and this 
orifice 33 is made in the lower part of the inclined face 
11, so that the liquid solution runs off into the orifice 
3 3 naturally owing to gravity from the receiving face 25, 

10 without coming into contact with the first electrode 7 or 
the contact stud 18. This run-off can be brought about by 
the operator expelling the drop (maintained by capillary 
action) downwards, mechanically or with a compressed air 
jet. An absorbent element (cotton wool, cloth ...) can also 

15 be used. The orifice 33 communicates via a vertical conduit 
34 with the lower end 3 of the mount 2, so that the liquid 
composition can run off into the recovery receptacle on 
which the biosensor 1 is mounted. 

Furthermore, the frame 15 of the biosensor 1 comprises 

20 a liquid-solution supply shaft 35, through which the end of 
a pipette 3 6 can be introduced to enable the delivery of a 
dose of liquid solution to be analysed corresponding to the 
drop 50. This supply shaft 35 emerges immediately upstream 
of and facing a vertical free face 43 of the second 

25 electrode 26, this free face 43 being oriented upstream 

with respect to the inclination of the receiving face 25 of 
the chip 6, and thus with respect to the direction of flow 
of the liquid solution over this receiving face 25. 

The second electrode 26 extends above and facing the 

3 0 receiving face 25. It is carried by the frame 15 of the 
mount 2 which has a free lower face 42 oriented downwards, 
extending above and at a distance from the inclined face 11 
in order to form the compartment for receiving the chip 6 . 
The second electrode 26 extends with a projection downwards 

35 from this lower face 42 of the frame 15 so as to present 
the said free face 43, against which the end 44 of a 
pipette 3 6 engaged in the supply shaft 3 5 can be placed in 



order to deposit there a dose (drop 50) of liquid solution. 
The drop 50 of liquid solution thus deposited flows 
downwards owing to gravity to fill the space between the 
second electrode 26 and the receiving face 25, and it is 
5 maintained there by capillary action. If an excess of 

liquid solution is deposited, the latter will run off owing 
to gravity downwards over the inclined chip 6, then into 
the recovery orifice 33, by virtue of the inclination of 
the receiving face 25 and of the chip 6 which is adapted 

10 for this purpose. 

The contact stud 18 and the second electrode 2 6 are 
connected to an external electrical circuit by a conducting 
wire 37 and 38, respectively, which emerge outside the 
mount 2. Each of these wires 37, 38 is passed through a 

15 conduit made through the mount 2 to emerge outside the 
mount 2. Each wire 37, 38 has, at its outer free end, a 
connector 39 and 40, respectively, for its connection to an 
external electrical circuit to which is supplied the 
electric current corresponding to the measurement of the 

20 concentration of the chemical compound in the liquid 

solution to be analysed, in particular for the measurement 
of the intensity of the electric current in the case of 
electrodes 7, 26 of the amperometric type. 

The first electrode 7 carried by a chip 6 is connected 

25 to the wire 37 via the contact stud 18 to which the wire 37 
is welded. In contrast, the wire 3 8 of the second electrode 
26 is directly welded to this second electrode 26. 

The semi -permeable membrane 9 used in a chip 6 of the 
invention can be a semi -permeable membrane made of 

3 0 cellophane such as a dialysis membrane. The electrodes 7, 
2 6 can be made entirely of gold or platinum, or of gold- or 
platinum-plated metal alloy, or of any other electrically 
conductive and electrolytically resistant material. 

The chip 6 is immediately removable from the mount 2 

35 by simple manual manipulation without tools. To remove a 
chip 6 in place in the analysis zone 5, all that is 
required in fact is to raise the clamp 28 by pulling the 
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manipulating extension 32 upwards, and to extract the chip 
6 through the slot 10 by sliding it upwards on the inclined 
face 11. To put a new chip 6 in place, it is introduced 
into the slot 10 until it comes into lower abutment 12 
5 against the lateral uprights 13, then the clamp 28 is 
released and its limbs 2 9 come into contact with the body 
16 of the chip 6, pressing it onto the inclined face 11. 
The chip 6 is thus automatically precisely positioned with 
respect to the contact stud 18 and with respect to the 

10 second electrode 26. A drop of a liquid solution to be 
analysed can immediately be injected with a pipette 3 6 as 
shown in Figure 2 . 

This embodiment of the invention is particularly 
applicable advantageously to the production of a biosensor 

15 usable wherever it is necessary to confine a reactive 
biochemical liquid composition in a reagent chamber 8 
separated from a liquid solution to be analysed, by a semi- 
permeable membrane 9, one electrode being in contact with 
the liquid composition to be analysed, whereas the other 

20 electrode is in contact with the reactive solution. The 
invention is especially applicable to the measurement of 
the concentration of a chemical compound in an aqueous 
liquid solution of natural or artificial origin, with an 
enzymatic reactive composition. The value of the 

25 concentration is obtained by measuring the current flowing 
between the electrodes following the oxidoreduction 
enzymatic chemical reaction generated in the liquid 
solution by the enzymatic reactive composition. It is thus 
possible, in particular, to measure the glucose or lactate 

3 0 concentrations precisely and rapidly. 

The invention nevertheless applies equally well to the 
measurement of any other chemical compound, and in 
particular to the detection and measurement of 
concentrations of various compounds in wines, agri-food 

35 substances, and physiological fluids. Thus, the invention 
can have a great number of applications: determination of 
glucose, lactate, urea, cholesterol, or other metabolites 
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(hormones, antibodies . ..), alcohols or illicit drugs, by- 
taking a sample of a liquid, blood or other solution from 
the human or animal organism; determination of compounds 
such as sugars, amino acids, glutamate, lactate, ... in the 
5 finished products or preparation processes of agri-food 
products such as bread, milk, dairy products, wines, 
beers . . . ; measurement of the ripeness of fruits; 
measurement of the freshness of fish and meats ; 
determination of the bacterial contamination of an agri- 

10 food product; determination of toxic agents in industrial 
or natural liquid solutions (pesticides, fungicides, 
nitrates, phenols, organochlorine or organophosphorous 
compounds, metallic binders; measurement of the biological 
oxygen demand, detection of organic contamination of 

15 waters ...)... 

Furthermore, the invention can have numerous variants 
from the embodiments described and shown in Figures 1 to 8 . 
In particular, the form, dimensions, and material from 
which the biosensor 1 and the chips 6 are made can vary 

2 0 widely. The mount 2 can itself be made of a single moulded 

and/or machined part, or preferably of a plurality of 
moulded and/or machined parts assembled subsequently. 

As can be seen in Figure 9, the chip can be formed of 
a solid or semi-solid chip 60 of reactive composition 
25 immobilised in the form of a gel, formed entirely of the 
reagent chamber 8, and which can be removably mounted in a 
housing of the mount 2. 

The variant of Figure 10 shows that the system can 
also be inverted, with the reagent chamber formed of the 

3 0 chip 60 and the first electrode 7 placed above, and the 

second electrode 26 being placed below, acting as the 
member for retaining the drop 50, and having a face 65 for 
receiving the drop 50. 

The system can also be placed in any other position. 
35 Furthermore, as can be seen in Figure 11, the drop 50 

can be maintained between the reagent chamber 8 and a part 
70 distinct from the second electrode 26 (and also of 
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course from the first electrode 7) . This part 70 has a face 
71 facing the free contact face 25 of the reagent chamber 
8. The second electrode 26 can in this case be adapted to 
come into contact with a channel 72 filled with water or 
5 conducting solution and recessed in the chip 6 towards the 
outside radially from the membrane 9. This channel 72 can 
be sufficiently fine to retain the water or conducting 
solution by capillary action. In a variant not shown, it 
can be placed on the side so as to extend laterally 
10 horizontally even when the free face 25 of the reagent 
chamber 8 and that 71 of the part 7 0 are inclined. 
These different variants can be combined. 
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CLAIMS 

1 . An electrochemical biosensor for measurement of the 
concentration of a compound in a liquid solution, 

5 comprising: 

- a reagent chamber (8) adapted to enclose a quantity 
of biochemical composition, termed reactive composition, 
and having a free outer face, termed contact face (25) , 
capable of being placed in contact with the liquid solution 

10 which is thus itself in contact with the reactive 
composition, 

- a first electrode (7) and a second electrode (26) 
which are adapted to be electrically connected to the 
liquid solution and to enable electrical measurement 

15 between them, 

wherein it comprises, facing the contact face (25) , a 
retaining member (26, 70), the shape of this retaining 
member (26, 70) and the distance between the contact face 
(25) and the retaining member (26, 70) being adapted so 

2 0 that a drop (50) of liquid solution placed between the 

contact face (25) and this retaining member (26, 70) is 
retained and maintained between them by capillary action. 

2. A biosensor as claimed in claim 1, wherein the 
first electrode (7) is electrically connected to the 

25 reagent chamber (8) , opposite the contact face (25) , and 
wherein the second electrode (26) is adapted to be 
electrically connected with the drop (50) of liquid 
solution on the side of the contact face (25) . 

3 . A biosensor as claimed in one of the preceding 

30 claims, wherein the second electrode (26) is adapted to be 
directly in contact with the drop (50) of liquid solution. 

4. A biosensor as claimed in one of claims 1 and 2, 
wherein the second electrode is adapted to be electrically 
connected to the drop (50) of liquid solution by at least 

3 5 one electrically conductive intermediate element. 

5 . A biosensor as claimed in one of the preceding 
claims, wherein the retaining member (26, 70) is formed of 



24 



the second electrode (26) directly in contact with the drop 
(50) of liquid solution. 

6. A biosensor as claimed in one of claims 1 to 4, 
wherein the retaining member is a specific member (70) 

5 distinct from an electrode, and wherein the two electrodes 
(26, 7) are electrically connected to the reagent chamber 
(8) . 

7 . A biosensor as claimed in one of the preceding 
claims, wherein the retaining member (26, 70) has a face 

10 (27, 71) facing the contact face (25) . 

8 . A biosensor as claimed in one of the preceding 
claims, wherein the assembly formed of the retaining member 
(26, 70) and of the contact face (25) has a face oriented 
upwards, termed receiving face (25, 65), and wherein the 

15 receiving face (25, 65) has an angle of inclination with 
respect to the horizontal which is greater than 0° and less 
than 90° - in particular of the order of 4 0°. 

9. A biosensor as claimed in claims 7 and 8, wherein 
the receiving face is the face (65) of the retaining member 

20 (26) . 

10. A biosensor as claimed in claim 8, wherein the 
receiving face is the contact face (25) of the reagent 
chamber (8) . 

11. A biosensor as claimed in one of the preceding 
25 claims, wherein the distance between the retaining member 

(26, 70) and the contact face (25) is less than 8 mm. 

12 . A biosensor as claimed in one of the preceding 
claims, in which the reagent chamber (8) is adapted to 
enclose a quantity of liquid reactive composition, and has 

30 a semi -permeable membrane (9) closing the reagent chamber 
(8) so as to retain therein the reactive composition, this 
semi -permeable membrane (9) having a free outer face, 
forming the said contact face (25) , capable of being placed 
in contact with the liquid solution separated from the 

3 5 reactive composition by the semi -permeable membrane (9) , 
wherein it has two distinct parts : 
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- a chip (6) comprising the first electrode (7) , the 
reagent chamber (8) enclosing the liquid reactive 
composition, and the semi -permeable membrane (9) , 

- a mount (2) comprising means (11, 12) for receiving 
5 a chip (6) , means (18, 37, 39) for electrical connection, 

with an external electrical circuit, of the first electrode 
(7) , of a chip (6) in place in the receiving means (11, 
12) , this mount (2) carrying the second electrode (26) at a 
distance from the semi -permeable membrane (9) of a chip (6) 

10 in place in the receiving means (11, 12) , and comprising 
means (38, 40) for electrical connection of the second 
electrode (26) with the external electrical circuit. 

13. A biosensor as claimed in claims 4, 7, 8, 10 and 
12, wherein the second electrode (26) comprises a free end 

15 (27) extending at a distance from and facing the said 

receiving face (25) of the semi -permeable membrane (9) of a 
chip (6) , and this free end (27) has an inclined face 
extending at least substantially parallel to the inclined 
receiving face (25) . 

2 0 14 . A biosensor as claimed in claims 4, 7, 8, 10 and 

12, or as claimed in claim 13, wherein the second electrode 
(26) extends above the receiving face (25) and with a 
projection downwards with respect to a face (42) of the 
mount (2) oriented downwards, so that this second electrode 

25 (26) has at least one free face (43) extending downwards 
and oriented upstream with respect to the inclination of 
the receiving face (25) of the chip (6) , and which 
biosensor comprises a liquid-solution supply shaft (35) 
emerging immediately upstream of and facing the free face 

30 (43) of the second electrode (26), so that the liquid 

solution is supplied and deposited on this free face (43) 
to flow downwards along the second electrode (26) until it 
comes into the gap separating the second electrode (26) and 
the inclined receiving face (25) . 

35 15. A biosensor as claimed in one of claims 12 to 14, 

wherein the means (11, 12) for receiving a chip comprise an 
inclined face (11) oriented upwards, and means (12) forming 
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a stop for receiving a chip (6) in the bottom end position 
on the inclined face (11), wherein the means (18, 37, 39) 
for electrical connection have an electrical contact stud 
(18) emerging from the inclined face (11) and adapted to 
5 come into electrical connection with a lower conductive 
portion (17) of the chip (6) in place and in abutment on 
the inclined face (11) , this conductive portion (17) being 
in electrical connection with the first electrode (7) , and 
wherein the mount (2) comprises a frame (15) carrying the 
10 second electrode (26) above, facing and at a distance from 
the said receiving face (25) of the semi -permeable membrane 
(9) of a chip (6) in place and in abutment on the inclined 
face (11) . 

16. A biosensor as claimed in claim 15, wherein it 

15 comprises means (28) for pressing the chip (6) against the 
inclined face (11) . 

17. A biosensor as claimed in one of claims 12 to 16, 
wherein the mount (2) comprises an orifice (33) for 
recovery of the liquid solution, arranged so as to be able 

2 0 to recover the liquid solution running off the receiving 
face (25) and communicating with a lower end (3) of the 
mount . 

18. A biosensor as claimed in one of claims 12 to 17, 
wherein it comprises means (3) for mounting the mount (2) 

25 on a receptacle for recovery of the liquid solution. 

19. An electrochemical biosensor chip for measurement 
of the concentration of a compound in a liquid solution, 
wherein it comprises : 

- a reagent chamber (8) enclosing a quantity of liquid 
30 biochemical composition, termed reactive composition, and 
having a semi -permeable membrane (9) closing the reagent 
chamber (8) so as to retain therein the reactive 
composition, this semi -permeable membrane (9) having a free 
outer face, termed receiving face (25) , capable of 
35 receiving a drop of liquid solution separated from the 
reactive composition by the semi -permeable membrane (9) , 
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- an electrode, termed first electrode (7) , placed in 
electrical contact with the reactive composition contained 
in the reagent chamber (8) , and means (17) for electrical 
connection of this first electrode (7) with an electrical 
5 circuit outside the chip (6) . 

20. A chip as claimed in claim 19, wherein the first 
electrode (7) has an end (19) emerging in the reagent 
chamber (8) opposite a portion of the semi -permeable 
membrane (9) forming the said receiving face (25) . 
10 21. A chip as claimed in one of claims 19 and 20, 

wherein the first electrode (7) forms a bottom (19) of the 
reagent chamber (8) which is closed, opposite this bottom 
(19) , by the semi -permeable membrane (9) . 

22. A chip as claimed in claim 21, wherein the reagent 
15 chamber (8) is delimited by the bottom (19) formed by the 

first electrode (7) and by the semi -permeable membrane (9) 
extending from the bottom (19) and above the bottom (19) . 

23. A chip as claimed in claims 21 and 22, wherein it 
has a recessed groove (20) around the bottom (19) formed by 

2 0 the first electrode (7) , this groove (20) being adapted to 

receive a peripheral seal (21) blocking the semi -permeable 
membrane (9) around and above this bottom (19) . 

24. A chip as claimed in one of claims 19 to 23, 
wherein the first electrode (7) extends so as to have a 

25 portion (17) emerging outside the chip (6) in order to form 
means (17) for electrical connection with an external 
electrical circuit. 

25. A chip as claimed in one of claims 19 to 24, 
wherein it comprises a body (16) of electrically insulating 

3 0 synthetic material in the general shape of a small plate, 

and wherein the first electrode (7) traverses the thickness 
of this body (16) . 

26. A chip as claimed in one of claims 19 to 25, 
wherein it is in the general shape of a disc. 

35 27. A chip as claimed in one of claims 19 to 26, 

wherein it has a thickness of between 2 mm and 10 mm and a 
length dimension of between 5 mm and 50 mm. 
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28. A chip as claimed in one of claims 19 to 27, 
wherein the first electrode (7) has a mean radial dimension 
of between 1 mm and 10 mm - in particular of the order of 
4 mm. 

5 29. A chip as claimed in one of claims 19 to 28, 

wherein the reactive composition is an enzymatic aqueous 
solution. 
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